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Sir: 
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Cancel the specification as filed and insert therefore the substitute 
specification provided herewith. 



0 V/ 807766 

JCQ2 Rec'd potato 1 8 APR 2001 

2 

IN THE CLAIMS 

Cancel the claims as filed, and insert therefore new claims 8 - 14 as 
follows: 

- - What is claimed is: 

8. A method for channel-specific adjustment of transmitted signal 
power levels in an optical wavelength-division multiplex transmission system, the 
method comprising the steps of: 

determining transmission characteristics for each transmission channel; 

determining on a channel-specific basis, signal power levels of associated 
transmitted signals, if the signal power levels or the signal-to-noise ratios of 
individual received signals are the same; 

determining the transmission-end dynamic range, if a maximum 
permissible dynamic range at the transmission end is exceeded; 

determining individual power discrepancies of the transmitted signals from 
the mean transmitted signal power level; 

reducing by calculation the individual power discrepancies of the 
transmitted signals using a transmission compression factor, which is the same 
for all the transmitted signals; 

complying with the maximum permissible dynamic range such that the 
required transmission signal power levels are recalculated; and 

setting newly calculated compressed transmitted signal power levels. 

9. The method as claimed in claim 8, further comprising the step of: 



keeping a total maximum permissible total transmitted signal power level 
of all the transmitted signals at least approximately constant. 

10. The method as claimed in claim 9, further comprising the step of: 
determining transmitted signal power levels of the transmitted signals and 

transmission-end values derived therefrom by measuring the received signal 
power levels of the received signals and from the transmission characteristics of 
the transmission channels. 

11. A method for channel-specific adjustment of transmitted signal 
power levels in an optical wavelength-division multiplex transmission system, the 
method comprising the steps of: 

determining transmission characteristics for each transmission channel; 

determined on a channel-specific basis, power levels of the associated 
transmitted signals, if the signal-to-noise ratios of the individual received signals 
are the same; 

determining the reception-end dynamic range, if a maximum 
permissible reception-end dynamic range is exceeded; 

determining individual power discrepancies of the transmitted signal power 
levels from the mean received power level; 

reducing by calculation individual power discrepancies of the received 
signals using a compression factor which is the same for all received signals, 
such that a maximum permissible dynamic range at the reception end is 



complied with; 

calculating the required new transmitted signal power levels, if 
necessary; 

carrying out transmission-end power correction using a transmission-end 
correction factor which needs to be calculated; and 

setting newly calculated compressed transmission signal power levels. 

12. The method as claimed in claim 1 1 , further comprising the step of: 
keeping a total received signal power level of all received signals and/or the 
total transmitted signal power level of all transmitted signals at least 
approximately constant. 

13. The method as claimed in claim 12, further comprising the step of: 
determining the transmitted signal power levels of the transmitted signals 

and transmission-end values, derived from them, by measurement of the 
received signal power levels of the received signals and from the transmission 
characteristics of the transmission channels. 

14. The method as claimed in claim 13, further comprising the steps of: 
calculating the transmission-end correction factor from the ratio of a 

previous transmission-end mean level value to a transmission-end mean level 
value determined from a new transmitted signal power level; 
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changing the individual signal power levels of transmitted signals using the 
transmission-end correction factor, which is the same for all transmitted signals; 
and 

keeping the total maximum permissible total transmitted signal power level 
of all transmitted signals at least approximately constant. - - 

IN THE ABSTRACT 

Cancel the Abstract as filed, and insert therefore on a separate page, the 
following Abstract of the Disclosure: 

■ - ABSTRACT OF THE DISCLOSURE 

For exact level balancing or signal-to-noise ratio balancing of received signals in 
a wave-length-division multiplex transmission system, the associated transmitted 
signal power levels are adjusted. If the maximum permissible dynamic range is 
exceeded, the individual transmitted signal power levels are compressed, while 
the total transmitted signal power level is kept at least approximately constant. - - 

REMARKS 

A substitute specification and an Abstract of the Disclosure are provided 
herewith which make editorial changes in order to conform to standard US 
practice. A marked-up copy of the specification is also provided reflecting the 
changes made. 



In addition, the claims as filed have been canceled and replaced by new 
claims that more clearly set forth the subject matt of Applicants' invention. 



No new matter has been inserted into the application. 



Applicants submit that this application is in proper condition for 
examination in the United States national Examination Stage, which action is 
earnestly solicited. 



Respectfully submitted, 

Steven H. Noll (Reg. No. 28,982) 

SCHIFF, HARDIN &WAITE 
Patent Department 
6600 Sears Tower 
233 South Wacker Drive 
Chicago, IL 60606 
Telephone: (312) 258-5790 
Attorneys for Applicant(s) 



Customer Number: 26574 
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Substitute Specification: 

- - METHOD FOR CHANNEL-BY-CHANNEL ADJUSTMENT 
OF TRANSMITTED SIGNAL POWER LEVELS IN AN OPTICAL 
5 WAVELENGTH-DIVISION MULTIPLEX TRANSMISSION SYSTEM 



BACKGROUND OF THE INVENTION 



1 0 Field of the Invention: 



The present invention pertains to optical wavelength division multiplex 
% transmission systems in general. Specifically, the present invention pertains to 
H adjustment of transmitted signal power levels in optical wavelength division multiplex 
<fc transmission systems. 

Q Discussion of the Related Art: 

?]f Owing to the wavelength dependency of optical amplifiers, optical 

20 wavelength-division multiplex transmission systems have losses in the transmission 
fibers and in passive optical components as well as attenuation levels which differ 
due to non-linear effects such as signal coupling resulting from stimulated Raman 
scatter in general for the various signals and channels. In an optical transmission 
path which comprises a number of path sections having a number of fiber amplifiers, 
25 these effects can become additive. As a consequence of this, at the receiving end, 
the weaker optical signals are no longer detected without faults by the optical 
receiver since their levels are too low or since their optical signal-to-noise ratio 
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(OSNR) is too low. On the other hand, the maximum permissible input level of the 
optical receiver may be exceeded by a signal which is attenuated to a lesser extent. 

One method, which is used in existing optical transmission systems, for 
5 compensating for the different levels or OSNR values is corresponding initial 

compensation at the transmission end, which is referred to as preemphasis. In this 
case the level or OSNR distribution of the channels/signals at the reception end is 
measured using an optical spectrum analyzer, and the level at the transmission end 
is raised for signals which arrive with severe attenuation at the receiver, while the 
^JD level of more powerful signals is correspondingly reduced, to ensure that all the 

received signals have the same power level, also referred to as level balance, or the 
y same optical signal-to-noise ratio (OSNR balance) at the reception end. The raising 
C|1 or lowering of the transmitted signal level for each channel or for each transmitted 
O signal is generally selected such that the total transmitted signal power level , that is 
HJ5 the total of the power levels of all the transmitted signals and of the total signal, 
remains unchanged at the start of the optical path or does not exceed a maximum 
value. 

Suitable algorithms for level and OSNR balancing are described in the article 
20 "Equalization in Amplified WDM Lightwave Transmission Systems" appearing in 

IEEE Photonics, Technology Letters, Vol. 4, No. 8, August 1992, pages 920 to 922. 

However, disadvantages can occur if exactly implemented level or OSNR 
compensation is used. One such disadvantages is that, owing to the wavelength 
25 dependency of the path loss, complete level balancing for the reception end can lead 
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to an excessively high level dynamic range at the transmitting end. Hence, an 
excessively large quotient between the maximum and minimum channel power level 
can occur. There is then a risk of signals with a raised transmitted power level being 
distorted by non-linear effects in the fibers and/or of transmitted signals with a greatly 
5 reduced level actually falling below the minimum input power level of an optical 
amplifier, which would result in considerable signal distortion due to noise. 



Complete OSNR balancing for the reception end can also lead to an 
excessive level dynamic range at the transmitting end. In addition, there is a risk of 
*jtjp the maximum permissible input level range of one or more of the connected optical 
pi receivers being exceeded or undershot. 



oi A method and arrangement for adjusting identical signal levels is shown in US 

53 

Q Patent 5,815,299. In the method, the average level of all the transmitted signals and 
i!£5 the level of the weakest signal are determined. The other signals are attenuated as a 
l't K function of the difference between the average level and the level of the weakest 
signal. However, this reduces the average level and thus the quality of all the other 
channels. Such a method admittedly leads to identical levels in all the channels, but 
does not optimally utilize the maximum possible dynamic range and thus does not 
20 achieve optimum transmission quality or optimum range. 

In general, exact level balancing at the reception end is not required, since the 
connected optical receivers have a considerable level dynamic range in which they 
operate optimally. In the same way, exact OSNR balancing is not required, provided 
25 appropriate system margins are available. In this case, a method which considers 
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only the dynamic range of the transmitted signals would be optimal. Since, systems 
of this type operate at an optimum or maximum permissible total power level, it is 
advantageous for this level to remain constant in any compression of individual 
transmitted signal power levels which may be required. 

5 

For OSNR balancing however, the maximum permissible dynamic range at 
the reception end must also be checked, and if necessary, the received signal power 
levels are adapted by compression. This is done by changing the power level of the 
individual transmitted signals, and compliance with the transmission-end dynamic 
%) range must be checked once again and, if necessary, changed. 

o 

SUMMARY OF THE INVENTION 

— iii. ii ^ .iii.i i n ■ i 

Tin; 

S3 It is an object of the present invention to provide a method for channel-by- 

5f5 channel adjustment of transmitted signal power levels in which the transmission-end 

if*'*? 

r* dynamic range is complied with without unnecessarily adversely affecting the 
transmission quality. 

It is another object of the invention to provide a method for channel-by- 
20 channel adjustment of transmitted signal power levels in which reception-end 
dynamic range for exact OSNR balancing is achieved. 

These and other objects of the invention will become apparent from careful 
review of the following detailed description of the preferred embodiments, which is to 
25 be read in conjunction with a review of the accompanying drawing figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows an exemplary wavelength division multiplex transmission 
system with dynamic range compression; 

5 

Figure 2 shows a flowchart for transmission-end dynamic range compression; 

and 

Figure 3 shows a flowchart for reception-end dynamic range compression. 
1 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

'••'•i 

C?1 Figure 1 shows a circuit diagram of a wavelength division multiplex (WDM) 

P transmission device. 

j|5 

f ? A transmission terminal TT is provided which contains a number of optical 

transmitters TX1 - TXn for transmitting data via channels allocated to different 
wavelengths. Corresponding transmitted signals S1 - Sn are passed via adjustable 
optical attenuators VOA1 to VOAn, and are combined by a multiplexer M to form a 

20 wavelength-division multiplex signal WMS. The signal WMS is fed into an optical 
fiber F and transmitted via various path sections SA1 , SA2 to a receiving terminal 
RT. Various optical amplifiers V are provided in order to compensate for attenuation 
by the optical fibers. 

25 In the receiving terminal RT, the wavelength division multiplex signal is broken 
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down in a demultiplexer D into individual received signals E1 - En, which are 
supplied to a respective optical receiver RX1 - RXn. 

The wavelength division multiplex signal is split at the reception end by a 
5 coupler K, which is connected upstream of the demultiplexer, and is supplied to an 
optical spectrum analyzer OSA. The level and OSNR values measured by the optical 
spectrum analyzer OSA are passed, via a separate control channel OSC (Optical 
Supervisory Channel) for example, to a preemphasis controller MD in the 
transmission terminal. The preemphasis controller MD comprises a computation 
4b device CU and an adjustment device SD which adjusts the transmitted levels of the 
K individual transmitted signals, for example by controlling the output power level of the 
y optical transmitters or, in this case, by adjusting the attenuators. The computation 
ui unit can likewise be provided at the reception end. 

5E;5 Consider the situation in which only the transmission-end dynamic range is 

r;f adjusted, on the basis of the flowchart shown in Figure 2. Individual transmitted 

power levels and received power levels, or transmitted power levels and reception- 
end signal-to-noise ratios, for short distances, the attenuations in the individual 
channels or the OSNR quality (signal to noise ratio/transmitted power level) 
20 generally need to be measured. 

Firstly, the transmission-end power distribution also called the level 
distribution, is then calculated for exact level or OSNR balancing at the reception 
end, based on the transmission characteristics of the individual channels, as 
25 described above. 
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The dynamic range compression can then be started. A first step determines 
the magnitude of the transmission-end level dynamic range Dtx. This corresponds to 
the quotient of the maximum level Ptxjnax and the minimum level Ptx_min of the 
transmitted signals, with the term level in this case meaning the power on a linear 
5 scale, for example in milliwatts. 

F1 ) Dtx = maximum level from Ptx(i)/minimum level from Ptx(i) 
i = 1 , 2, ... n - Transmitted signal 

H|) A check is then carried out to determine whether the dynamic range Dtx which 

S has been found is greater than the maximum permissible dynamic range Dtxjnax. If 
sj this is not the case, no dynamic range compression is carried out. However, if this is 
i;n the case, the next computation step calculates the discrepancy, that is to say the 
P offset, of the individual signal power levels from the mean value Ptx_mean, which 
{J5 has been determined from the optimum or maximum permissible transmitted power 
rf level of the transmission-end wavelength division multiplex signal divided by the 
number of signals. 

F2) deltaP_tx(i) := Ptx(i) - Ptx_mean 

20 

The next computation step determines the absolute maximum and minimum 
offset, in other words the offset of the strongest and weakest transmitted signal. 

F3) deltaPtx_max := max(deltaPtx(i)) 
25 deltaPtx_min := min(deltaPtx(i)) 
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The transmission compression factor is then calculated 

F4) compfactjx := Ptxjnean* (Dtxjnax - 1 )/ 
(deltaPtx_max - Dtx_max*deltaPtx_min) 

This is then used to calculate the compressed levels using the following 
formulae: 

F5) deltaPtx(i) := deltaPtx(i) * compfactjx 
Ptx(i) := Ptxjnean + deltaPJx(i) 

The dynamic range compression has thus already been calculated and the 
newly calculated compressed transmission levels Ptx(i) of the transmitted signals S1 
to Sn can be set. 

If the individual received signals E1 to En are intended to have the same 
signal-to-noise ratio, that is to say OSNR balancing is assumed, reception-end 
dynamic range compression can also be carried out, in an extended method as 
shown in Figure 3. The compression method is once again dependent on the 
transmission characteristics of each channel being known. 

This makes it possible to calculate the transmission-end levels for the 
individual transmitted signals, the level distribution, for OSNR balancing. 

The reception-end dynamic range compression starts by determining the 
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reception-end dynamic range Drx. 



F7) Drx:= maximum level from Prx(i)/minimum level from Prx(i) 
i = 1, 2, ...,n - Received signal 

5 

A check is then carried out to determine whether the maximum permissible 
reception-end dynamic range Drx is exceeded. If not, there is no need for reception- 
end dynamic range compression, and the calculated signal levels can be set at the 
transmission end. In general, a check of the maximum permissible transmission-end 
j|0 dynamic range is also required. 

Ms! 

d If the maximum permissible reception-end dynamic range Drx is exceeded, 

then, the discrepancies, or offsets, of the reception-end channel power levels Ptx(i) 
«P from the main value Ptxjnean are established: 

||5 

^ F7) deltaP_rx(i) := P_rx(i) - P_jx_mean 

and the maximum and minimum offsets are determined: 

20 F8) deltaP_rx_max :=max(deltaP_rx(i)) 
deltaPjrxmin := min(deltaP__rx(i)) 

The reception-end compression factor is then calculated: 

25 F9) compfact_rx :=Prx_mean*(Drx_max - 1 ) 

9 



/(deltaPrxjnax - Drx_max * deltaPrx_min 
The compressed reception levels are then determined: 



F1 0) Prx(i) := Prx_mean * deltaPrx(i) * compfact_rx 

5 

The already determined channel-specific path loss Atten(i) can now be used 
to determine the associated transmission levels from the compressed reception 
levels: 

C |0 F11) Ptx_new(i) := Prx(i) * Atten(i) 

It may be necessary to reduce the transmission signal power levels if the 
pi maximum permissible total power level is exceeded, or it is worthwhile increasing the 
Q transmitted signal power levels in order to improve the transmission characteristics. 
H5 Both are carried out by new transmission-end level matching. 

A new transmission-end mean value will be calculated for this purpose: 

F1 2) Ptxjrieanjriew = Total (Ptx_new(i)/Number of channels) 
20 This is used to establish a transmission-end correction factor; 

F13) corfact_tx = Ptx_mean/Ptx_mean_new 

The new transmission levels are then calculated: 

25 
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F14) Ptx(i) = Ptx_new(i)* corfact_tx 

This completes the calculation of the dynamic range compression process, 
and the newly calculated transmission levels are set. 

Of course signal failures must be taken into account in the dynamic range 
compression process, in which case time constants of the control loop are matched 
to the requirements. 

Although modifications and changes may be suggest by those skilled in the 
art to which this invention pertains, it is the intention of the inventors to embody 
within the patent warranted hereon all changes and modifications that my reasonably 
and properly come under the scope of their contribution to the art. - - 
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[Substitute Specification] 

{Descr i ption} [- - METHOD FOR CHANNEL-BY-CHANNEL ADJUSTMENT ] 
{Method for ohanno l- by - chann el adjustm e nt of tho } [OF TRANSMITTED SIGNAL POWER 
5 LEVELS IN AN OPTICAL 

WAVELENGTH-DIVISION MULTIPLEX TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

10 The present invention pertains to optical wavelength division multiplex transmission 

systems in general. Specifically, the present invention pertains to adjustment of] transmitted 
signal power levels in {a} [optical] wavelength f}division multiplex transmission {syst e m} [systems. 

Discussion of the Related Art:] 

f;15 

1% Owing to the wavelength dependency of optical amplifiers, optical wavelength-division 

multiplex transmission systems have losses in the transmission fibers and in passive optical 
components as well as attenuation levels which differ due to non-linear effects such as signal 
Cn coupling resulting from stimulated Raman scatter in general for the various signals and channels. In 
CfO an optical transmission path which comprises a number of path sections having a number of fiber 
i2 amplifiers, these effects can become additive. As a consequence of this, at the receiving end, the 
^ weaker optical signals are no longer detected without faults by the optical receiver since their levels 
r ™ are too low or since their optical signal-to-noise ratio (OSNR) is too low. On the other hand, the 
maximum permissible input level of the optical receiver may be exceeded by a signal which is 
25 attenuated to a lesser extent. 

One method, which is used in existing optical transmission systems, for compensating for the 
different levels or OSNR values is corresponding initial compensation at the transmission end, which 
is referred to as preemphasis. In this case the level or OSNR distribution of the channels/signals at 
30 the reception end is measured using an optical spectrum analyzer, and the level at the transmission 
end is raised for signals which arrive with severe attenuation at the receiver, while the level of more 
powerful signals is correspondingly reduced, to ensure that all the received signals have the same 
power level {( l eve l ba l anc e )} !, also referred to as level balance,] or the same [optical] signal-to- 

2 



noise ratio (OSNR balance) at the reception end. The raising or lowering of the transmitted signal 
level for each channel or for { 

}each transmitted signal is generally selected such that the total transmitted signal power 
level {(}[, that is the] total of the power levels of all the transmitted signals and { 
5 }of the total signal{}}[,] remains unchanged at the start of the optical path{^ or does not 

exceed a maximum value. 



Suitable algorithms for level and OSNR balancing are described in the article 

}["Equalization] in Amplified WDM Lightwave Transmission {Systems} [Systems" 
10 appearing] in IEEE Photonics, Technology Letters, Vol. 4, No. 8, August 1992, pages 920 to 922. 



However, [th o following) disadvantages can occur if exactly implemented level or OSNR 
compensation is used£}[. One such disadvantages is that,] owing to the wavelength dependency of 
the path loss, complete level balancing for the reception end can lead to an excessively high level 
1 5 dynamic range at the transmitting end {, that is to say} [. Hence,] an excessively large quotient 

between the maximum and minimum channel power level [can occur]. There is then a risk of signals 
with a raised transmitted power level being distorted by non-linear effects in the fibers and/or of 
transmitted signals with a greatly reduced level actually falling below the minimum input power level of 
an optical amplifier, {resu l ting } [which would result] in considerable signal distortion due to noise. 
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Complete OSNR balancing for the reception end can also lead to an excessive level dynamic 
range at the transmitting end. { 

}ln addition, there is a risk of the maximum permissible input level range of one or more of the 
connected optical receivers being exceeded or undershot. 

A method and {afi} arrangement for adjusting identical signal levels {ar o known from} [is 
shown in] US Patent 5,815,299. In {this} [the] method, the average level of all the transmitted signals 
and the level of the weakest signal are determined. The other signals are attenuated as a function of 
the difference between the average level and the level of the weakest signal{ ( col umn 6 , li nes 5 6 - 
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ST)}. However, this reduces the average level and thus the quality of ail the other channels. Such a 
method admittedly leads to identical levels in all the { 

}channels, but does not optimally utilize the maximum possible dynamic range and thus does 
not achieve optimum transmission quality or optimum range. 

5 

Th e obj e ct of the i nv e ntion is thus, for wav ele ngth division multipl e x syst e ms, to sp e cify a 
m e thod for chann e l - by - chann e l adjustm e nt of tr a nsm i tt e d signal pow e r l e v e ls, i n which th e 
transm i ssion - e nd dynamic rang e is comp l i e d w i th without unn e c e ssar il y adv e rs e ly aff e cting th e 
transm i ss i on qual i ty. An e xt e nd e d m e thod a l so tak e s account of th e r e c e pt i on -e nd dynamic rang e for 
10 e xact OSNR ba l ancing. 

Tho object is achiovod by methods which are specifi e d in tho indopondont cla i ms 1 and 4. 
."S Advantageous d e v e lopm e nts of the inv e nt i on are sp e cifi e d in th e d e p e nd e nt claims. 
52 }ln general, exact level balancing at the reception end is not required, since the connected optical 
J'* receivers have a considerable level dynamic range in which they operate optimally. In the same way, 
!Hl5 exact OSNR balancing is not required, provided appropriate system margins are available. In this 
sr case, a method (is optimal] which considers only the dynamic range of the transmitted signals [would 
j± be optimal]. Since, {in g e n e ral, th e } systems [of this type] operate at an optimum or maximum 
* m permissible total power level, it is advantageous for this level to remain constant in any compression 
**? of {the} individual transmitted signal power levels which may be required. 
20 

{How e v e r, for} [For] OSNR balancing [however], the maximum permissible dynamic range at 
the reception end must also be checked£-lf}[, and if] necessary, the received signal power levels are 
adapted by compression. This is {onc e again} done by changing the power level of the individual 
transmitted signals {. I n this case as w e l l , } [, and] compliance with the transmission-end dynamic 
25 range must be checked once again and, if necessary, changed. 

fSUMMARY OF THE INVENTION 
It is an object of the present invention to provide a method for channel-by-channel 
adjustment of transmitted signal power levels in which the transmission-end dynamic range is 
complied with without unnecessarily adversely affecting the transmission quality. 

30 
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It is another object of the invention to provide a method for channel-by-channel 
adjustment of transmitted signal power levels in which reception-end dynamic range for exact 
OSNR balancing is achieved. 



5 These and other objects of the invention will become apparent from careful review of 

the following detailed description of the preferred embodiments, which is to be read in 
conjunction with a review of the accompanying drawing figures. 



BRIEF DESCRIPTION OF THE DRAWINGS] ffhe inv e nt i on wi l l b e e xp l ain e d in mor e d e tai l w i th 
10 roforonco to an oxomplarv ombodimont. I n the f i gures:} 

'2 Figure 1 shows an exemplary { e mbodim e nt of a WDM} [wavelength division multiplex] 

J; transmission system with dynamic range compression^!;] 

W\ 5 Figure 2 shows a flowchart for transmission-end dynamic range compression{r}[;] and 

g Figure 3 shows a flowchart for reception-end dynamic range compression. 
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[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS] 

Figure 1 shows {th e outlin e } [a] circuit diagram of a {WDM} [wavelength division multiplex 
(WDM)] transmission device. [ 



]A transmission terminal TT [is provided which] contains { 

25 }a number of optical transmitters TX1 {*©}[-] TXn for transmitting data via channels allocated 

to different wavelengths. {Th e corresponding} [Corresponding] transmitted signals S1 {te}[-] Sn are 
passed via adjustable optical attenuators VOA1 to VOAn, and are combined by a multiplexer M to 
form a wavelength-division multiplex signal WMS. {This} [The] signal [WMS] is fed into an optical fiber 
F and {is} transmitted via various path sections SA1 , SA2 to a receiving terminal RT. Various optical 

30 amplifiers V are provided in order to compensate for {the} attenuation by the optical fibers. [ 
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]ln the receiving terminal RT, the wavelength division multiplex signal is broken [ 
]down in a demultiplexer D into individual received signals E1 {*©}[-] En, which are supplied to a 
respective optical receiver RX1 {te}[-] RXn. 



5 The wavelength division multiplex signal is split at the reception end by a coupler K, which is 

connected upstream of the demultiplexer, and is supplied to an optical spectrum analyzer OSA. The 
level and OSNR values measured by {this} [the] optical spectrum analyzer OSA are passed{-fep 
e xamp le } [,] via a separate control channel OSC (Optical Supervisory Channel) {~}[ for example,] to a 
preemphasis controller MD in the transmission terminal. {Th i s} [The preemphasis controller MD] 
10 comprises a computation device CU and an adjustment device SD which adjusts the transmitted 
levels of the individual transmitted signals, for example by controlling the output power level of the 
* : Q optical transmitters or, in this case, by adjusting the attenuators. The computation unit can likewise be 
'Q provided at the reception end. 

35 {First of al l , l e t us consider} [Consider] the situation in which only the transmission-end 

^ dynamic range is adjusted, on the basis of the flowchart [shown] in Figure 2. (Th o i ndividua l } 
«F [Individual] transmitted power levels and received power levels[,] or transmitted power levels and 
ffl reception-end signal-to-noise ratios, for short [distances,] the attenuations in the individual channels 
%^ or the OSNR quality (signal to noise ratio/transmitted power level) generally need to be [known by 
20 m e asurements} [measured]. 

Firstly, the transmission-end power distribution {(l e v el distr i bution)} [also called the level 
distribution,] is then calculated for exact level or OSNR balancing at the reception end, based on the 
transmission characteristics of the individual channels, as described above. 
25 The dynamic range compression can then be started. A first step determines the magnitude 

of the transmission-end level dynamic range Dtx. This corresponds to the quotient of the maximum 
level Ptxjnax and the minimum level Ptxjnin of the transmitted signals, with the term level in this 
case meaning the power on a linear scale, for example in milliwatts. 

30 F1 ) Dtx = maximum level from Ptx(i)/minimum level from Ptx(i) 
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i = 1 , 2, ... n - Transmitted signal 

A check is then carried out to determine whether the dynamic range Dtx which has been 
found is greater than the maximum permissible dynamic range Dtx_max. If this is not the case, no 
dynamic range compression is carried out. However, if this is the case, the next computation step 
calculates the discrepancy, that is to say the offset, of the individual signal power levels from the 
mean value Ptxjnean, which has been determined from the optimum or maximum permissible 
transmitted power level of the transmission-end wavelength division multiplex signal divided by the 
number of signals. 

F2) deltaPJx(i) := Ptx(i) - Ptxjnean 

The next computation step determines the absolute maximum and minimum offset, in other 
words the offset of the strongest and weakest transmitted signal. 

F3) deltaPtxjnax := max(deitaPtx(i)) 
deltaPtxjnin := min(deltaPtx(i)) 
The transmission compression factor is then calculated 

F4) compfact_tx := Ptxjnean* (Dtx_max - 1 )/ 
(deltaPtxjnax - Dtx_max*deltaPtx_min) 

This is then used to calculate the compressed levels using the following formulae: 

F5) deltaPtx(i) := deltaPtx(i) * compfactjx 
Ptx(i) := Ptxjnean + deltaPJx(i) 

The dynamic range compression has thus already been calculated and the newly calculated 
compressed transmission levels Ptx(i) of the transmitted signals S1 to Sn can be set. 



If the individual received signals E1 to En are intended to have the same signal-to-noise ratio, 
that is to say OSNR balancing is assumed, reception-end dynamic range compression can also be 
carried out, in an extended method as shown in Figure 3. The compression method is once again 
dependent on the transmission characteristics of each channel being known. 

5 

This makes it possible to calculate the transmission-end levels for the individual transmitted 
signals, the level distribution, for OSNR balancing. 

The reception-end dynamic range compression starts by determining the [ 
10 ]reception-end dynamic range Drx. 

*S F7) Drx:= maximum level from Prx(i)/minimum level from Prx(i) 
~2 1 = 1,2, „.,n - Received signal 

S|5 A check is then carried out to determine whether the maximum permissible reception-end 

s dynamic range Drx is exceeded. If not, there is no need for reception-end dynamic range 
j* compression, and the { 

l n Calculated signal levels can be set at the transmission end. In general, a check of the maximum 
h& permissible transmission-end dynamic range is also required. 
20 

l f{, on th e oth e r hand,} the maximum permissible reception-end dynamic range Drx is 
exceeded, then, {first of all,} the discrepancies, {the} [or] offsets, of the reception-end channel power 
levels Ptx(i) from the main value Ptxjnean are established: 

25 F7) deitaPj-x(i) := P_rx(i) - P_rx_mean 

and the maximum and minimum offsets are determined: 

F8) deltaP_rx_max :=max(deltaP_rx(i)) 
30 deltaP_rxmin := min(deltaP_rx(i)) 
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The reception-end compression factor is then calculated: 

F9) compfact_rx :=Prx_mean*(Drx_max - 1 ) 
/(deltaPrx_max - Drxjnax * deltaPrx_min 
The compressed reception levels are then determined: 

F1 0) Prx(i) := Prxjnean * deltaPrx(i) * compfact_rx 

The already determined channel-specific path loss Atten(i) can now be used to determine the 
associated transmission levels from the compressed reception levels: 

F1 1 ) Ptx_new(i) := Prx(i) * Atten(i) 

It may be necessary to reduce the transmission signal power levels if the maximum 
permissible total power level is exceeded, or it is worthwhile increasing the transmitted signal power 
levels { 

}in order to improve the transmission characteristics. Both are carried out by new transmission-end 
level matching. 

A new transmission-end mean value will be calculated for this purpose: 

F1 2) Ptxjnean jnew = Total (Ptx_new(i)/Number of channels) 

This is used to establish a transmission-end correction factor; 

F 1 3) corf act Jx = Ptx_mean/Ptx jn ean_new 

The new transmission levels are then calculated: 

F14) Ptx(i) = Ptx_new(i)* corfact_tx 



9 



This completes the calculation of the dynamic range compression process, and the newly 
calculated transmission levels are set. 

{Signal} [Of course signal] failures must (, of course,} be taken into account in the dynamic 
range compression process {. Th e } [, in which case] time constants of the control loop are matched to 
the requirements. 

[Although modifications and changes may be suggest by those skilled in the art to 
which this invention pertains, it is the intention of the inventors to embody within the patent 
warranted hereon all changes and modifications that my reasonably and properly come under 
the scope of their contribution to the art. - - ] 
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Method for channel -by- channel adjustment of the 
transmitted signal power levels in a wavelength- 
division multiplex transmission system 



Owing to the wavelength dependency of optical 
amplifiers, optical wavelength-division multiplex 
transmission systems have losses in the transmission 
fibers and in passive optical components as well as 
attenuation levels which differ due to non-linear 
effects such as signal coupling resulting from 
stimulated Raman scatter in general for the various 
signals and channels. In an optical transmission path 
which comprises a number of path sections having a 
number of fiber amplifiers, these effects can become 
additive. As a consequence of this, at the receiving 
end, the weaker optical signals are no longer detected 
without faults by the optical receiver since their 
levels are too low or since their optical signal-to- 
noise ratio (OSNR) is too low. On the other hand, the 
maximum permissible input level of the optical receiver 
may be exceeded by a signal which is attenuated to a 
lesser extent. 

One method, which is used in existing optical 
transmission systems, for compensating for the 
different levels or OSNR values is corresponding 
initial compensation at the transmission end, which is 
re f erre d to as preemphasis. In this case the level or 
OSNR distribution of the channels/signals at the 
reception end is measured using an optical spectrum 
analyzer, and the level at the transmission end is 
raised for signals which arrive with severe attenuation 
at the receiver, while the level of more powerful 
signals is correspondingly reduced, to ensure that all 
the received signals have the same power level (level 
balance) or the same signal-to-noise ratio (OSNR 
balance) at the reception end. The raising or lowering 
of the transmitted signal level for each channel or for 



GR 98 P 2949 

- la - ( 

each transmitted signal is generally selected such that 
the total transmitted signal power level (total of the 
power levels of all the transmitted signals and 
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of the total signal) remains unchanged at the start of 
the optical path, or does not exceed a maximum 

Suitable algorithms for level and OSNR 
balancing are described in the article Equalisation in 
5 Amplified WDM Lightwave Transmission Systems in IEEE 
Photonics, Technology Letters, vol. 4, No. 8, August 

1992, pages 920 to 922. 

However, the following disadvantages can occur 
if exactly implemented level or OSNR compensation is 
10 used: owing to the wavelength dependency of the path 
loss, complete level balancing for the reception end 
can lead to an excessively high level dynamic range at 
the transmitting end, that is to say an excessively 
large quotient between the maximum and minimum channel 
15 power level. There is then a risk of signals with a 
raised transmitted power level being distorted by non- 
linear effects in the fibers and/or of transmitted 
signals with a greatly reduced level actually falling 
below the minimum input power level of an optical 
20 amplifier, resulting in considerable signal distortion 

due to noise. _ 

Complete OSNR balancing for the reception end 
can also lead to an excessive level dynamic range at 
the transmitting end. 

in addition, there is a risk of the maximum 
permissible input level range of one or more of the 
connected optical receivers being exceeded or 

undershot . ( 

A method and an arrangement for ad 3 ustxng 

identical signal levels are known from US Patent 

5 815 299 in this method, the average level of all the 

transmitted signals and the level of the weakest signal 

are determined. The other signals are attenuated as a 

function of the difference between the average level 

and the level of the weakest signal (column 6 y lines 56 

- 67) However, this reduces the average level and thus 

the quality of all the other channels. Such a method 

admittedly leads to identical levels in all the 
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channels, but does not optimally utilize the maximum 
possible dynamic range and thus does not achieve 
optimum transmission quality or optimum range. 

The object of the invention is thus, for 
5 wavelength division multiplex systems, to specify a 
method for channel -by- channel adjustment of transmitted 
signal power levels, in which the transmission-end 
dynamic range is complied with without unnecessarily 
adversely affecting the transmission quality. An 
10 extended method also takes account of the reception-end 
dynamic range for exact OSNR balancing. 

The object is achieved by methods which are 
specified in the independent claims 1 and 4. 
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Advantageous developments of the invention are 
specified in the dependent claims. 

In general; exact level balancing at the 
reception end is not required, since the connected 
5 optical receivers have a considerable level dynamic 
range in which they operate optimally. In the same way, 
exact OSNR balancing is not required, provided 
appropriate system margins are available. In this case, 
a method is optimal which considers only the dynamic 
10 range of the transmitted signals. Since, in general, 
the systems operate at an optimum or maximum 
permissible total power level, it is advantageous for 
this level to remain constant in any compression of the 
individual transmitted signal power levels which may be 
15 required. 

However, for OSNR balancing, the maximum 
permissible dynamic range at the reception end must 
also be checked. If necessary, the received signal 
power levels are adapted by compression. This is once 

2 0 again done by changing the power level of the 

individual transmitted signals. In this case as well, 
compliance with the transmission-end dynamic range must 
be checked once again and, if necessary, changed. 

The invention will be explained in more detail 
25 with reference to an exemplary embodiment. In the 
figures : 

Figure 1 shows an exemplary embodiment of a WDM 
transmission system with dynamic range compression, 

Figure 2 shows a flowchart for transmission-end 

3 0 dynamic range compression, and 

Figure 3 shows a flowchart for reception-end 
dynamic range compression. 

Figure 1 shows the outline circuit diagram of a 
WDM transmission device. A transmission terminal TT 
3 5 contains 
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a number of optical transmitters TX1 to TXn for 
transmitting data via channels allocated to different 
wavelengths. The corresponding transmitted signals SI 
to Sn are passed via adjustable optical attenuators 
5 V0A1 to VOAn, and are combined by a multiplexer M to 
form a wavelength-division multiplex signal WMS . This 
signal is fed into an optical fiber F and is 
transmitted via various path sections SA1 , SA2 to a 
receiving terminal RT . Various optical amplifiers V are 

10 provided in order to compensate for the attenuation by 
the optical fibers. In the receiving terminal RT, the 
wavelength division multiplex signal is broken down in 
a demultiplexer D into individual received signals El 
to En, which are supplied to a respective optical 

15 receiver RX1 to RXn. 

The wavelength division multiplex signal is 
split at the reception end by a coupler K, which is 
connected upstream of the demultiplexer, and is 
supplied to an optical spectrum analyzer OSA. The level 

2 0 and OSNR values measured by this optical spectrum 

analyzer OSA are passed - for example via a separate 
control channel OSC (Optical Supervisory Channel) - to 
a preemphasis controller MD in the transmission 
terminal. This comprises a computation device CU and an 
25 adjustment device SD which adjusts the transmitted 
levels of the individual transmitted signals, for 
example by controlling the output power level of the 
optical transmitters or, in this case, by adjusting the 
attenuators. The computation unit can likewise be 

3 0 provided at the reception end. 

First of all , let us consider the situation in 
which only the transmission-end dynamic range is 
adjusted, on the basis of the flowchart in Figure 2. 
The individual transmitted power levels and received 
3 5 power levels or transmitted power levels and reception- 
end signal-to-noise ratios, for short the attenuations 
in the individual channels or the OSNR quality (signal 
to noise ratio/transmitted power level) generally need 
to be known by measurements. 

40 
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Firstly, the transmission-end power 

distribution (level distribution) is then calculated 
for exact level or OSNR balancing at the reception end, 
based on the transmission characteristics of the 
individual channels, as described above. 

The dynamic range compression can then be 
started. A first step determines the magnitude of the 
transmission-end level dynamic range Dtx. This 
corresponds to the quotient of the maximum level 
Ptx_max and the minimum level Ptx__min of the 
transmitted signals, with the term level in this case 
meaning the power on a linear scale, for example in 
milliwatts . 

Fl) Dtx = maximum level from Ptx ( i ) /minimum level from Ptx(i) 
i = 1, 2, . . . n - Transmitted signal 

A check is then carried out to determine 
whether the dynamic range Dtx which has been found is 
greater than the maximum permissible dynamic range 
Dtx_max. If this is not the case, no dynamic range 
compression is carried out. However, if this is the 
case, the next computation step calculates the 
discrepancy, that is to say the offset, of the 
individual signal power levels from the mean value 
Ptx_mean, which has been determined from the optimum or 
maximum permissible transmitted power level of the 
transmission-end wavelength division multiplex signal 
divided by the number of signals. 

F2) deltaP__tx(i) : - Ptx(i) - Ptx_mean 

The next computation step determines the 
absolute maximum and minimum offset, in other words the 
offset of the strongest and weakest transmitted signal. 

F3) deltaPtx_max : = max (deltaPtx (i) ) 
deltaPtx_min := min (deltaPtx ( i ) ) 
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The transmission compression factor is then 
calculated 

F4) compfact_tx := Ptx_mean* (Dtx_max - 1)/ 
5 (deltaPtx_max - Dtx__max*deltaPtx_min) 

This is then used to calculate the compressed 
levels using the following formulae: 

10 F5) deltaPtx(i) := deltaPtx(i) * compfact_tx 
Ptx(i) := Ptx_mean + deltaP_tx(i) 

The dynamic range compression has thus already 
been calculated and the newly calculated compressed 
15 transmission levels Ptx(i) of the transmitted signals 
SI to Sn can be set. 

If the individual received signals El to En are 
intended to have the same signal-to-noise ratio, that 
is to say OSNR balancing is assumed, reception-end 

2 0 dynamic range compression can also be carried out, in 

an extended method as shown in Figure 3 . The 
compression method is once again dependent on the 
transmission characteristics of each channel being 
known . 

25 This makes it possible to calculate the 

transmission-end levels for the individual transmitted 
signals, the level distribution, for OSNR balancing. 

The reception- end dynamic range compression 
starts by determining the reception-end dynamic range 

3 0 Drx . 

F7) Drx:= maximum level from Prx ( i ) /minimum level from 
Prx (i) 

i = 1, 2, . ..,11 - Received signal 

35 

A check is then carried out to determine 
whether the maximum permissible reception-end dynamic 
range Drx is exceeded. If not, there is no need for 
reception-end dynamic range compression, and the 
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calculated signal levels can be set at the transmission 
end. In general, a check of the maximum permissible 
transmission-end dynamic range is also required. 

If, on the other hand, the maximum permissible 
5 reception-end dynamic range Drx is exceeded, then, 
first of all, the discrepancies, the offsets, of the 
reception-end channel power levels Ptx(i) from the main 
value Ptx__mean are established: 

10 F7) deltaP_rx(i) := P_rx(i) - P_rx_mean 

and the maximum and minimum offsets are determined: 

F8) delta P_r x_max : =max (deltaP__rx ( i ) ) 
15 deltaP_rxmin := min (deltaP_rx (i) ) 

The reception-end compression factor is then 
calculated : 

20 F9) compfact_rx : =Prx_mean* (Drx^max - 1) 

/ (deltaPrx__max - Drx_max * deltaPrx_min 

The compressed reception levels are then 
determined : 

25 

F10) Prx(i) : = Prx_mean * deltaPrx(i) * compfact_rx 

The already determined channel -specific path 
loss Attend) can now be used to determine the 
30 associated transmission levels from the compressed 
reception levels: 

Fll) Ptx_new(i) := Prx(i) * Atten(i) 

3 5 It may be necessary to reduce the transmission 

signal power levels if the maximum permissible total 
power level is exceeded, or it is worthwhile increasing 
the transmitted signal power levels 
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in order to improve the transmission characteristics. 
Both are carried out by new transmission-end level 
matching . 

A new transmission-end mean value will be 
5 calculated for this purpose: 

F12) Ptx_mean_new = Total (Ptx_new (i) /Number of channels) 

This is used to establish a transmission-end 
10 correction factor; 

F13) corfact_tx = Ptx_mean/Ptx_mean__new 

The new transmission levels are then 
15 calculated: 

F14) Ptx(i) = Ptx__new(i)* corfact__tx 

This completes the calculation of the dynamic 
2 0 range compression process, and the newly calculated 
transmission levels are set. 

Signal failures must , of course , be taken into 
account in the dynamic range compression process. The 
time constants of the control loop are matched to the 
2 5 requi rement s . 
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Patent Claims 



1. A method for channel - specif ic adjustment of 
transmitted signal power levels in a wavelength- 

5 division multiplex transmission system, 

in which the transmission characteristics for each 
transmission channel are determined and 

if the signal power levels or the signal-to-noise 
ratios of the individual received signals (El to En) 
10 are the same, the signal power levels of the associated 
transmitted signals (SI to Sn) are determined on a 
channel- specif ic basis , 
characterized 

in that the transmission-end dynamic range (Dtx) is 

15 determined, 

in that, if the maximum permissible dynamic range 
(Dtx_max) at the transmission end is exceeded, the 
individual power discrepancies (delta Ptx(i), i = 1, 2, 
. . . n) of the transmitted signals (SI to Sn) from the 

2 0 mean transmitted signal power level (Ptx_mean) are 
determined and the individual power discrepancies of 
the transmitted signals (SI to Sn) are reduced by 
calculation, using a transmission compression factor 
(compf act_tx) , which is the same for all the 

2 5 transmitted signals (SI to Sn) , in such a manner that 
the maximum permissible dynamic range is complied with, 
in that the required transmission signal power levels 
(Ptx_new(i)) are recalculated, and 

in that the newly calculated compressed transmitted 
30 signal power levels (Ptx__new (i) ) are set. 

2. The method as claimed in claim 1, 
characterized 

in that the total maximum permissible total transmitted 
signal power level of all the transmitted signals (SI 
35 to Sn) is kept at least approximately constant. 

3. The method as claimed in claim 1 or 2, 
characterized 

in that the transmitted signal power levels (Ptx(i)) of 
the transmitted signals (SI to Sn) and transmission-end 
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values (Dtx, 
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delta Ptx(i), Ptx_mean) derived from them are 
determined by measuring the received signal power 
levels of the received signals (El to En) and from the 
transmission characteristics of the transmission 
5 channels. 

4. A method for channel-specific adjustment of 
transmitted signal power levels in a wavelength- 
division multiplex transmission systems, 

in which the transmission characteristics for each 

10 transmission channel are determined and 

if the signal-to-noise ratios of the individual 
received signals (El to En) are the same, the power 
levels (Ptx(i)) of the associated transmitted signals 
(SI to Sn) are determined on a channel-specific basis, 

15 characterized 

in that the reception-end dynamic range (Drx) is 
determined, 

in that, if the maximum permissible reception-end 
dynamic range (Drx_max) is exceeded, the individual 

20 power discrepancies (delta Prx(i), i = 1, 2, ...n) of 
the transmitted signal power levels from the mean 
received power level (Ptx__mean) are determined, and the 
individual power discrepancies of the received signals 
(El to En) are reduced by calculation using a 

25 compression factor (compf act_rx) which is the same for 
all the received signals (El to En) , in such a manner 
that the maximum permissible dynamic range at the 
reception end is complied with, 

in that the required new transmitted signal power 
30 levels (Ptx__new(i) ) are calculated, 

in that, if necessary, transmission-end power 
correction is carried using a transmission-end 
correction factor (corf act_tx) which needs to be 
calculated, and 

35 in that the newly calculated compressed transmission 
signal power levels (Ptx_new(i); Ptx(i)) are set. 

5. The method as claimed in claim 4, 
characterized 
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in that the total received signal power level 
(Prx_mean) of all the received signals (El to En) 
and/or the total transmitted signal 
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power level (Ptxjnean) of all the transmitted signals 
(SI to Sn) is kept at least approximately constant, 

6. The method as claimed in claim 4 or 5 , 
characterized 

5 in that the transmitted signal power levels (Ptx(i)) of 
the transmitted signals (SI to Sn) and transmission-end 
values (Dtx, delta Ptx(i), Ptx_mean) , derived from 
them, are determined by measurement of the received 
signal power levels of the received signals (El to En) 
10 and from the transmission characteristics of the 
transmission channels . 

7. The method as claimed in claim 6, 
characterized 

in that the transmission-end correction factor 
15 (corfact_tx) is calculated from the ratio of the 
previous transmission-end mean level value (Ptx_mean) 
to a transmission-end mean level value (Ptx_mean_new) 
determined from the required new transmitted signal 
power level (Ptx_new (i) ) , and 
20 in that the individual signal power levels (Ptx(i)) of 
the transmitted signals (SI to Sn) are changed using 
this transmission-end correction factor (corfact_tx) , 
which is the same for all the transmitted signals (SI 
to Sn) , in such a manner that the total maximum 
25 permissible total transmitted signal power level of all 
the transmitted signals (SI to Sn) is kept at least 
approximately constant. 
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Method for channel -by- channel adjustment of the 
transmitted signal power levels in a wavelength- 
5 division multiplex transmission system 

For exact level balancing or signal-to-noise 
ratio balancing of received signals (El to En) , the 
associated transmitted signal power levels (Ptx(i)) are 
10 adjusted. If the maximum permissible dynamic range is 
exceeded, the individual transmitted signal power 
levels are compressed, with the total transmitted 
signal power level being kept at least approximately 
constant . 

15 

Figure 1 
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FIG2A 
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1) Determination of the path loss or OSNR quality 
2) Calculation of the transmission-end level distribution 
Ptx (i) for exact level or OSNR balancing 
Channels i=1...n 
Level: Ptx (i) 
Mean value; Ptxjnean.n 

□Level: Ptx (i) 
□Mean value: Ptxjnean 

•• — •-— p- — — 

^Start dynamic range compression^ 



Determination of the transmission-end level dynamic range for exact balancing: 

TX dynamic range Dtx: = (maximum level from Ptx (i)) / 
(minimum level from Ptx (0) 



no 

no dynamic 
compression 
required 



maximum permissible Tx 
dynamic range exceeded? 
Dtx > Dtx_max 



yes 
dynamic 
Compression 
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FIG 2B | 

no V es 

no dynamic dynamic 

compression compression 
required 



Determine offsets of the individual channel power levels from 
the mean value P tx mean (without dynamic range compression): 

deltaPtx (i):=Ptx_mean 







determine maximum and minimum offset: 


deltaPtx_max:= 
deltaPtx_min:= 


max (deltaPtx (i)) 
min (deltaPtx (i)) 



Calculate compression factor: 
compf actjx: = Ptx_mean * (Dtx_max-1 ) . . . 

.../(deltaPtx_max-Dtx_max*deltaPtx_min) 



calculate compressed levels: 

deltaPtx (i):=deltaPtx (i)*compfact_tx 
Ptx (i):=Ptx_mean+ deltaPtx (i) 



I 

Q End dynamic range compression^ 



Fset the newly calculated transmission levels 
j Channels i=1...n 
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1) Determination of the path loss or OSNR quality for 
each channel 

2) Calculation of the transmission-end level distribution 
Ptx (i) for exact OSNR balancing 
Channels i=1 ...n 
Level: Ptx (i) 
Mean value: Ptxjnean 

^Start dynamic range compression^ 



Determination of the reception-end level dynamic range for exact balancing: 
RX dynamic range Drx: = (maximum level Prx (i)) / (minimum level from Prx (i)) 



no 

no dynamic 
compression 
required 




yes 



Calculation of the reception levels 



Determine offsets of the reception-end channel power levels 
from the mean value: 
Prx_mean=mean channel power, reception-end 

deltaPrx (i):=Prx (i)-Prx_mean 



i 



determine maximum and minimum offset (reception-end): 

deltaPrx_max:=max(rJeltaPrx (i)) 
deltaPrx_min:=min(deltaPrx (i)) 



X 



calculate reception-end compression factor: 

compfactjx: = Prx_mean*(Drx_max-1 ) . . . 
.../ (deltaPrx (i) max-Drx_max*deltaPrx_min) 



I 



calculate compressed reception levels: 

Prx (i)=Prx_mean+ deltaPrx (i)'compfacLrx 
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FIG 3B 



no 

no dynamic 
compression 
required 



Calculation of the 
transmission levels 



calculate the required transmission levels 
for reception-end dynamic range compression: 

Ptxjieu (i)-Prx (i)*Atten (i) 



I 



calculate new transmission-end mean value: 
Ptx_mean_new: = Tota!(Ptx_new (i)) / No. of 
- channels 



calculate transmission-end mean value correction factor: 
corfact tx: = Ptx mean / Ptx mean new 



Adapt transmission level: 

Ptx (i):=Ptx_jieu (i)*corfactJx 



^ End dynamic range compression^ 



j Set the newly calculated transmission levels j 
" L Channels i=1...n j 
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I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
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the specification of which 
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PCT Application No. 
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(if applicable) 
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accordance with Title 37, Code of Federal Regula- 
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I hereby claim foreign priority benefits under Title 35, 
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der fruheren Anmeldung und dem nationalen oder 
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I hereby claim the benefit under Title 35. United Sta- 
tes Code. §120 of any United States application(s) 
listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the 
prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, 
§122, I acknowledge the duty to disclose material 
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filing date of the prior application and the national or 
PCT international filing date of this application. 


(Application Serial No.) (Filing Date) 
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(Application Serial No.) (Filing Date) 
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I hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
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with the knowledge that willful false statements and 
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United States Code and that such willful false state- 
ments may jeopardize the validity of the application or 
any patent issued thereon. 
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